Introduction: Levels of utilization of health services vary socially and geographically. Differences in the rates of usage are also associated with geographical aspects of health care systems. The purpose of this study was to capture spatial variations in hospital health services utilization in the elderly population in Hong Kong, a Special Administrative Region of China.
Introduction
Elderly people exhibit greatest need for healthcare and are the most frequent users of healthcare services. [1] [2] [3] [4] In Hong Kong, for instance, nearly 40% of all public inpatient episodes were used by patients aged 65y or more in 2001. 3 In addition to the demographic drivers of health services utilization, it has been pointed out that levels of utilization are far from equal either socially or spatially. [5] [6] [7] [8] [9] [10] Previous research has noted geographic differences in health services usage across diverse health service delivery systems. [6] [7] [8] [9] [10] [11] [12] [13] [14] Even within a population of patients sharing broadly similar aetiological characteristics, the dispersion of these characteristics across space results in marked geographic variations in rates of utilization of services. Although Hong Kong only occupies a comparatively small geographic area, small area variations have been observed in mortality and morbidity. 15, 16 However these were observations made ten to twenty years ago, and did not document service utilization. There have been many rapid changes in the physical, social and economic environment in Hong Kong since that period.
This study examines the pattern(s) of variation in the utilization of various hospital services in the public sector in Hong Kong. Health service delivery in Hong Kong is divided into public and private sectors. Hospital services at secondary and tertiary levels are largely provided by public sector and subsidized by the local government. Hospital Authority (HA) and Department of Health provide medical treatment and rehabilitation services to patients through public hospitals, general outpatient and specialist clinics and outreach services throughout the territory, targeted at serving socially disadvantaged and vulnerable groups. The private sector plays a complementary role by providing only six percent of total hospital care. With respect to curative primary care services, private practitioners of Western medicine account for more than half of the market share. However, people believe that public hospitals provide quality services to citizens at reasonable prices. Due to this inadvertently flawed incentive system, there is an over-reliance on hospitals by which the general public also visits the accident and emergency departments (AED), general outpatient department, and specialist outpatient department (SOPD) in the public sector for primary care services.
Hospital services were examined as they consume a disproportionate amount of expenditure in relation to the number of cases treated among the elderly. Information is particularly needed regarding service utilization among the elderly due to the ageing population in Hong Kong and the likely consequence of greater pressure on health and social services in hospital and community setting. The study tests the hypothesis that there are districtwide variations in hospital services utilization in the period preceding death in the elderly population. These geographic variations may directly affect health, both in terms of morbidity, perceived health and mortality. Furthermore, geographic variations may reflect variations in the supply of healthcare and consequently the level of health of a community. 17 Documentation of any geographic variations in rates of utilization may inform formulation of a health policy which aims to reduce inequalities in health outcomes.
Data and Methods
This study utilizes the dataset from a project examining the utilization of hospital services in the last three years of life for all age groups in hospitals under the HA from 1st January 1999 to 31st December 2005. The study had received approval from the Clinical Research Ethics Committee of the Chinese University of Hong Kong. About 98% of the total registered deaths in Hong Kong occurred in HA hospitals. Since the HA hospitals provide more than 94% of hospital admission for the major causes of death in Hong Kong, the hospital services used outside the HA are unlikely to influence the estimation significantly. Hospital records had been computerized systematically throughout the public hospitals under HA by an in-house software-The Clinical Management System (CMS) since 1996. The study period was set from 1999, three years after computerization, because previous studies of health services usage conducted in Europe and North America have revealed that the largest proportion of hospital services was consumed during the last 1-3 years of life. [18] [19] [20] [21] [22] [23] [24] [25] [26] The HA database with high coverage percentage would include the majority of death and the information on the utilization of hospital health services of the decedents during their last years of life.
Deaths records with either missing exact date of death, demographic information (age and sex), or geographical reference to the place of residence of the decedent were excluded from the study population. The exclusion of cases without clear age and sex information was necessary because the proportion of deaths by age and sex would be used to produce age-sex specific weight for the calculation of an age-sex weighted mean utilization ratio. Excluding cases without geographical reference would also reduce systematic bias in geographic comparison of utilization ratio parameter.
Decedents aged 65y or more dying in HA hospitals were analyzed for their service utilization patterns. For reasons of confidentiality, names and addresses were replaced by a patient identifier and the HA district of residence of the decedents. Hospital services used within the HA system during the last three years of life by each patient were matched correspondingly for each individual. Information about gender, date of birth, date of death, each date of admission and discharge, diagnosis for admission, number of HA specialist outpatient episodes and causes of death were traced during this period from the CMS database.
Due to health and social heterogeneity amongst the elderly in terms of age and sex, the study population was divided into three age groups (aged 65y -74y, 75y -84y, and 85y or more) and both sexes to provide age-sex specific weights for analysis. These weights were applied for each district to estimate the mean days of length of stay (LOS), number of inpatient admissions, number of visits to SOPD, and attendances to AED during the last three years of life.
The spatial unit of study is based on the 18 administrative districts in Hong Kong. Each of these districts is represented by a District Board and a district management committee which has been established in Hong Kong since 1982 under the District Administration Scheme. 27 For the purpose of effective coordination and responsiveness of government policies on district needs and problems, district offices communicate and advise the government on issues concerning local well-being such as the provision of services and facilities, the promotion of community, recreational and cultural activities, and environmental improvements within the districts. In addition, the boundaries of the 18 districts have also been constructed to delineate relatively homogeneous spatial units which may be distinguished by demographic profile, socio-economic indicators as well as provision of healthcare services across these districts. 3, 28 A geographical approach was used to show the extent to which the mean utilization of various health services of a district departed from the average of Hong Kong by applying the concept of an analytical spatial measure: the weighted location quotient. Age-sex weighted mean utilization ratio (×100) of hospital services was calculated by dividing the agesex weighted mean usage of a particular service for each district by that for the whole territory. In order to test the statistical significance, the 95% confidence interval (CI) was derived by adopting the Delta method for variance approximation and calculation of CI. 29 The interpretation of this utilization ratio is similar to that of a standardized mortality ratio, which is computed by dividing the observed deaths by the expected deaths in order to compare the mortality experience of a study population with that of the standard population. A mean service utilization ratio over 100 would indicate a relative concentration of usage in that particular area in comparison to the average of Hong Kong. A ratio less than 100 would indicate that an area has less than the average territory-wide share of the activity. A ratio of 100 would indicate that usage was exactly the same as the mean territory-wide usage.
To quantify the relationship between the district level characteristics and the utilization of inpatient, SOPD and AED services, multilevel Poisson regression models were used. 30 To proxy the district level demographic and resources for healthcare services provision, four indicators were selected, including (i) education level (proportion of non-student population aged 20y or above having attained tertiary education), (ii) income level (median household income), (iii) availability of medical staff (number of medical staff in HA hospitals per 1000 population) and (iv) availability of public hospital beds (number of HA hospital beds per 1000 population). These four indicators were used as district level covariates, whereas gender and age at death were used as individual level covariates.
Data analysis was carried out using the statistical package SAS, Release 9.1 (SAS Institute, Inc., Cary, US-NC) and Excel 2003 Version 11 (Microsoft Corporation, Redmond, US-WA). Map production was performed using ArcMap, Version 9.2 (ESRI, Redlands, US-CA).
Results
A total of 243,245 deaths were registered in the HA database, which covered 98% of the total number of deaths registered in Hong Kong during 1999 to 2005. The number (proportion) of deaths excluded from the study for having no reference to details regarding the exact date of death and the age-sex information was 2,507 (1.0%) and 1,408 (0.6%) respectively. Further exclusion aiming at minimizing systematic bias from unknown geographical reference to the place of residence of the decedent accounted for a further removal of 2,230 deaths (0.9%). A total of 6,145 subjects (2.5%) were excluded from the study, whilst the remaining 97.5% of subjects were further sub-divided into two broad age groups: deaths at age below 65y accounted for 21.6% (N = 52,429) of the original total, and 184,671 subjects (75.9%) at age 65y or more. The latter group constituted the study population.
The demographic and geographic information of the decedents is described in Table 1 . The majority of the elderly died at ages between 75y and 84y (41.3%), while the young-old (aged 65y-74y) and the old-old (aged 85y and more) accounted for a smaller but comparable proportion (29.6% and 29.0% respectively). There were more male deaths (52.7%) than that of female (47.3%). District-wise, the distribution of deaths in the dataset demonstrated substantial geographic difference across the 18 administrative districts, from one with the lowest proportion of death, i.e. Islands (1.0%), to another with the highest i.e. Kwun Tong (9.1%). This geographical distribution of deaths corresponded to the distribution of elderly population living in the 18 districts with the lowest and highest proportion of elderly population living in Islands and Kwun Tong district respectively.
Hospital services utilization was analyzed in terms of mean days of LOS in hospitals ( Table 2 ; Fig. 1 ), number of inpatient admissions ( 6 .6% (C.I. = 91.7, 95.1) less than the local average respectively. The range of difference in terms of the number of inpatient admission episodes was approximately 33%.
As for the number of visits to SOPD, utilization was the highest in Eastern Table 3 showed the ranking of districts in terms of the socio-economic and service provision indicators, as well as the mean utilization ratios. Rankings by education level were consistent with the income level, and rankings by availability of medical staff were consistent with the availability of public hospital beds. However, the rankings by socio-economic status and by service provision did not show obvious correlation. The rankings in the four mean utilization ratios were also inconsistent.
Results of multilevel models showed that increased inpatient admission was associated with advance age of an individual (p  0.0001) and higher median household income of the district (p = 0.006), whereas decreased inpatient admission was associated with increased education level within the district (p = 0.036). Similarly, increased SOPD attendance was associated with being female (p  0.0001) and higher median household income of the district (p = 0.014), whereas decreased SOPD attendance was associated with advance age of an individual (p  0.0001) and increased education level within the district (p = 0.025). As for AED attendance, only advance age (p  0.0001) and being female (p  0.0001) were associated with increased usage. It was consistent that availability of resources was not associated with usage, while district level socio-economic status was associated with SOPD and inpatient services utilization.
Further analysis was performed on whether patients attended SOPD and AED in their district of residence. On average, about 42% of SOPD attendance and 55% of AED attendance were sought in the district of residence of the patients. Tuen Mun had the highest proportion of both SOPD attendance (80%) and AED attendance (88%) in the same district of residence. On the contrary, most residents in Central and Western district had to seek SOPD and AED services outside their district. Findings showed that availability of SOPD and AED services inside the district of residence may or may not related to higher usage ( Table 3 ). The spatial variability of various hospital services utilization ratios, estimated with a 95% C.I. suggests an existence of substantial district-wide differences in terms of hospital services usage among the older people. Across the different types of services being analyzed, utilizations of hospital services in some areas were about 20% more than the local mean, while utilizations in some areas were as low as 20% below the average, representing a difference as high as 40%. Moreover, for different types of services being examined, it is found that the patterns of spatial variation were inconsistent. No district appeared to have a consistent pattern of high or low utilization in all hospital services, although the Southern district was observed to have the highest level of hospitalization service and attendance at SOPD. Socio-economic status, but not availability of resources, at district level may explain some of the differences.
Discussion
This study provides new data regarding small area variations in use of health services in Hong Kong that had not been studied in detail before, although variations in mortality and morbidity had been documented between one to two decades ago. Due to the small geographical area, studies on within territory variations had received little interest. The introduction of computerized hospital records in recent years enabled further studies in this area. One of the 'contemporary approaches' of medico-social research involves spatial research into the locational patterning, spatial planning, the utilization of main elements of healthcare delivery system, together with identifying the features of the healthcare facilities that influence their efficiency and effectiveness. 31, 32 By using a classical measurement showing the extent of relative localization of an activity to some norms, the age-sex adjusted mean utilization ratios demonstrate significant differences in public hospital services utilization during the last three years of life among the elderly across the 18 administrative districts in Hong Kong. With respect to the LOS in hospitals, most parts of the Hong Kong Island (Central and Western, and Southern districts) were found to have longer duration of stay by 27% compared with the average length, while the northwestern parts of the New Territories (Yuen Long, Tuen Mun districts) and locality such as Sham Shui Po were areas where the shortest durations of stay in hospital was found. The number of inpatient admissions followed a different pattern compared with that of the LOS. Districts with the highest admission to hospitals were found in Hong Kong Island (Southern and Eastern district) and Tai Po, while the lowest admission was found in old urban core districts, such as Sham Shui Po, Wan Chai and Yau Tsim Mong. Possible explanations for these different patterns of hospitalization service include variation in causes for admission requiring varying duration of stay in hospitals, or differences in resource availability and clinical efficiency in that different hospitals have different management patterns for admissions and discharges. Some normative studies have also indicated that the use of hospitals varies according to a number of factors specific to institutions, such as amount and volume of service provided, the character of the service area and relative location of the hospital, service quality, age and reputation of the hospital. 8, 9, 33 Some other crucial factors governing utilization appeared to be socio-geographic such as distance, race, culture, and income. 9,34-37 Hospitals provide locations for major inpatient treatment of acute and chronic conditions. In the absence of a structured primary care system, hospitals also provide primary types of contact, in the outpatient and emergency services. The attendance at SOPD showed that Eastern, Southern and Sha Tin districts were the areas with the highest usage. On the contrary, the elderly living in Yau Tsim Mong, Islands and Kowloon City districts used the least service. Usage variation in outpatient services could possibly be attributed to the varying level of comorbid chronic conditions in the elderly across districts, reflecting different overall morbidity burden. Another possibility is the availability of healthcare resources in terms of staff and overall health budget may vary between districts. 38 It is possible that varying attendance to outpatient service is due to the varying level of service provision. With respect to visits to AED, elderly living in North, Tai Po and Tsuen Wan districts used this service the most, while the lowest users were found in areas such as Central and Western, and Wan Chai on the Hong Kong Islands, as well as an old district, Wong Tai Sin, on the Kowloon side. Regional variation in rates of AED visits is unlikely to be attributable to affordability, since the fee for AED attendance is low and may be waived for those who cannot afford to pay. AED may be used as a primary care facility as it is open 24 hours a day, and up to one third of the attendances may not be classified as emergencies. It has been shown that up to two thirds of attendances to AED and nearly half of the visits to SOPD could have been better managed in the community with an adequate primary care. 39 High usage in one area may indicate lack of other primary care services or lower rates of private general practitioner consultations as a result of poor affordability.
Categories of utilization ratio
Results of the multilevel modelling demonstrated that socio-economic indicators at district level could predict the hospital services utilization at individual level. Increasing age is significantly related to increasing hospital admissions and attendances at AED, but decreasing SOPD attendance. It has been noted that advancing age is exponentially related to decreasing physical competence 1 and increased (co)morbidity, 4, 40 which required more frequent hospitalization 2,3 as well as primary healthcare contacts for acute conditions. 4 With readily accessible and affordable AED services, older people may tend to visit AED for primary and emergency healthcare rather than spending longer waiting time for medical consultation and follow-up at SOPD. It was also noted that females used more SOPD and AED services than males. This might be explained by the higher morbidity among women than men, 2,41 such that women had more frequent visits to SOPD and AED to deal with their health problems.
In our study, availability of hospital service resources at district level was not associated with the individual level usage. Apart from the allocation of healthcare resources to any given location, the way these services are provided by the system and the health seeking behaviors of the patients could also affect the utilization pattern. 31, 32 For a territory occupying a small geographical area such as Hong Kong, the districts are in close proximity to each other, and the population mobility is further enhanced by an extensive and efficient public transport network. Although the healthcare resources allocation varied geographically, patients might access freely and easily to their preferred locations where they received services. Hence, the spatial variation in availability of healthcare resources in a district may not determine the usage of health services at individual level. This implies that a variety of non-spatial factors may interact with the services provision, which in turn affect actual access and usage by an individual. With respect to the socio-economic status of a district in association with SOPD and AED usage, the education and income indicators were highly correlated to each other. The interpretation of the signs of their fitted coefficients may be affected. Therefore, further analysis is suggested in order to explore the underlying association between socio-economic indicators and hospital services utilization.
Limitations
Although the coverage of service utilization data in this study not 100%, 98% of the total registered death in Hong Kong was reflected in this HA database, so that the dataset may be considered representative as indicative of the major pattern of hospital services utilization. Methodologically, examining geographical variation at a finer level within each district was not possible due to the limitation of data aggregation in terms of place of residence of the decedents, and small-area problem might have arisen in locations where deaths counts were too small. In addition, sociodemographic information and morbidity conditions of the individuals were not included in our dataset. Therefore, this secondary data analysis of the spatial variation concerning service usage alone may only have limited public health significance.
conclusion
We have established that there is geographic variation in the utilization of hospital health services across the 18 districts in Hong Kong among the elderly population during the last three years before death. However, the patterns of variation were different depending on the types of services being examined. Further studies using primary data at an individual level are needed to explain the variations. Detailed analysis into the relationship between service provision, accessibility and health outcomes are also indicated in order to inform the planning of health service delivery. 15, 42 publish with Libertas Academica and every scientist working in your field can read your article "I would like to say that this is the most author-friendly editing process I have experienced in over 150 publications. Thank you most sincerely."
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